To investigate the relationships between agronomic traits and molecular markers in sand plantain (Plantago psyllium), a set of 17 ecotypes collected in Iran were evaluated. Twelve ISSR primers were tested through multiple regression analysis to identify the marker-trait association between ISSR data and agronomic traits. Finally, the 12 primers amplified 129 fragments (loci) among ecotypes: 91 fragments (70.54%) of the 129 fragments showed polymorphism with an average of 7.58% per primer and the rate of this polymorphism ranged from at least 57.14% for UBC824 primer up to 54.62% for UBC813 primer. Polymorphic information content ranged from 0.27 (UBC814) to 0.41 (UBC813), with an average of 0.36. Stepwise regression analysis between the molecular data as independent variables and the studied traits as dependent variables was performed to identify informative markers associated with the agronomic traits. Seventy ISSR fragments were found associated with eight morphological traits. Some of ISSR markers were associated with more than one trait in multiple regression analysis that may be due to the pleiotropic effect of the linked quantitative trait locus on different traits or is linkage of different genes. However, for a better understanding of these relationships, preparation of a segregating population and linkage mapping are necessary. Also, these result could be useful in marker-assisted breeding programmes when no other genetic information is available.
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INTRODUCTION
Plantago (Plantaginaceae family) is a large genus of herbs or sub-shrubs distributed mostly in the temperate region and a few in the tropics. It comprises about 200 species, of which only two species, P. ovate and P. psyllium, are economically important (Rahn, 1996) . Plantago seed, known commercially as black, French, or Spanish psyllium, is obtained from P. Psyllium L., also known as sand plantain, French, or dark psyllium (Atal, Kapur, 1982) . Plantago psyllium is an annual fluff plant the height of which varies from 15 to 40 cm. The flowers are tiny and white to greenish, placed on a flowery spike. The fruit is an oval-shaped capsule containing two elongated elliptical seeds, of bright shiny brown to reddish colour (Ghahreman, 1975) . This plant is well adapted to different climatic conditions and can be planted in arid and semi-arid regions. During most of the growing season, Plantago psyllium needs a cool and dry climate (Davazdah Emami, Majnoon Hosseini, 2008). The seeds of Plantago psyllium contain mucilage, protein, oil, starch, tannin (Kang et al., 2007) , as well as glycoside called aucubin and different bases, some sugar, sterols, and protein (Deokar et al., 2016) . Mucilage is the dominant component in Plantago psyllium; it also contains aucubin and pyridine alkaloids (including plantagin) (Rosatti, 1984) .
A major revolution in plant breeding occurred with the development of markers based on DNA polymorphisms. These types of markers have been superseded by DNAbased methods that generate "fingerprints", which are distinctive patterns of DNA fragments typically subjected to high-resolution gel electrophoresis and detected by staining or labeling (Schulman, 2007) . Inter-simple sequence repeat (ISSR) markers are alternatives to the RAPD technique: they allow higher annealing temperatures to be used so it has better reproducibility compared to some other markers. Repeat-anchored or non-anchored primers in the polymerase chain reaction (PCR) are used to amplify DNA sequences between two inverted SSR (Zietkiewicz et al., 1994 (Zietkiewicz et al., )1994 . Finding an association between molecular markers and morphological traits provides an excellent tool for indirect selection of a trait of interest in the population. This has important applications for the study of relations between molecular markers and agronomic traits, some of which include: the detection and analysis of potential in specific genotypes, collections of germplasm, identification of desirable alleles, and validation of candidate markers linked to quantitative traits (Gebhardt et al., 2004) . Although the mapping of quantitative trait loci (QTLs) is well suited for detection of genes associated with the traits, it is labour intensive, while segregating population preparation is both time consuming and costly (Rakshit et al., 2010) . In order to overcome these limitations, multiple regression analysis offers an appropriate method to identify markers associated with the trait. Multiple regression analysis is a statistical process for estimating the relationships among molecular markers as independent variables and morphological traits as dependent variables. It is the way to determine the coefficient of determination R 2 ; it gives the proportion of the variance (fluctuation) of dependent variable that is predictable from the independent variable (Gomez, Gomez, 1984) . Multiple regression analysis does not require a genetic map to be applied, and the method is quick, multiple unlinked QTLs are accounted, problems with multiple testing are reduced, and computer software is readily available. However, a major disadvantage with the multiple regression approach to mapping QTLs is the requirement that the independent variable, marker genotype, be available for all records included in the analysis (Henshall, Goddard, 1999) .
According to the study of Khadivi-Khub (2014) by multiple regression analysis, 33 SSR alleles and 135 RAPD fragments were found associated with 14 of affecting fruit traits. Some of SSR and RAPD markers were associated with more than one fruit trait in multiple regression analysis. Marsafari et al. (2014) investigated the association of 11 morphological traits with 24 molecular markers (14 ISSR primers and 10 RAPD primers) in 15 cultivars of date palm. All regression models were significant for ISSR and RAPD markers and for all traits at level 1%. Of 294 DNA markers (162 ISSR markers and 132 RAPD markers), 173 markers (89 ISSR markers and 84 RAPD markers) with at least one of 11 traits of fruit, stone and tree performance characteristics of both marker systems showed association. Basaki et al. (2011) reported that the 14 traits (excluding fruit shape, calyx type, Hull cracking sensitivity, and skin colour) showed significant association on a total of 14 of the 23 polymorphic SSR bands. The association markers explained from 2% to 29% of the variation of individual traits.
In this study, multiple regression analysis was used to identify associations between ISSR markers with some agronomic traits in sand plantain ecotypes.
MATERIALS AND METHODS

Plant material
A total number of 17 sand plantain (Plantago psyllium) ecotypes, prepared at the National Centre for Genetic and Biological Resources of Iran, were chosen for this study on the basis of their yield potential and agronomical traits. The ecotype name, parentage and releasing centres are given in Table 1 . The experiment was carried out in randomized block design with three replications during the season of 2016. Data was collected on morphological characteristics of sand plantain which include days to 50% flowering (DF), days to maturity (DM), plant height (PH), number of spikes (NS), spike length (SL), number of grains per spike (NGS), spike weight (SW), 1000-grain weight (GW), and grain yield (GY).
DNA extraction
Fresh leaves were used for DNA extraction according to the modified protocol of Murray, Thompson (1980) . The quality of the extracted DNA was checked using agarose gel electrophoresis. In ISSR-PCR analysis, 12 primers were used. The polymerase chain reaction (PCR) was carried out in a total volume of 10 μl per reaction containing 2 μl of template DNA (5 ng/μl), 1 μl 10 × PCR buffer, 1.2 μl primer (30 ng μl -1 ), 0.6 μl dNTPs, 0.48 μl of MgCl 2 (50 mM), 0.14 μl Taq polymerase (5 U/μl), and 4.58 μL of sterile nano-pure H 2 O. The PCR reaction was performed in a thermal cycler (Applied Biosystems, Germany) at an initial denaturation temperature of 94°C for 5 min, then 35 cycles of 94°C for 30 s, 55°C for 30 s (annealing of the majority of primers), 72°C for 2 min, and the final extension at 72°C for 5 min. The PCR products were separated in 3% agarose gel electrophoresis.
Scoring and data analysis DNA fragments were scored for the presence (1) or absence (0) of bands of various molecular weight sizes in the form of a binary matrix. The number of alleles per locus, Nei's gene diversity (h), polymorphism information content (PIC), marker index (MI), and Nei and Shannon's information index were calculated using Power Marker v. 3.25. Average values for all traits in this study were calculated for further analyses. The agronomic traits and molecular markers were considered as dependent variables and independent variables, respectively. In order to verify the linear relationship between independent and dependent variables, to predict the value of the dependent variable based on the independent variable, to remove the variables with negligible effect on the dependent variables, and to fit the best regression model, stepwise regression was used.
Stepwise multiple-regression analysis (MRA) was performed to determine the association between the molecular data (independent variable) and phenotypic data (dependent variable). To identify the informative markers associated with six phenotypic and three biochemical fruit traits, MRA was conducted using the "linear regression analysis" method with the "stepwise" option of SPSS v. 20. The model of the analysis was
Y = a + b1m1 + b2m2 + … + bjmj + …+ bnmn + d + e,
where Y is the cultivar mean for a quantitative trait (dependent variable) and mj is the AFLP marker (independent variable). The Student t-test was performed to test significance between mean trait estimates of genotypes where specific markers were present and absent. Markers showing significant regression values were considered as associated with the respective traits.
RESULTS AND DISCUSSION
Minimum, maximum, mean, standard deviation, and phenotypic coefficient of variation of traits are shown in Table 2 . According to Table 2, a considerable variation among ecotypes was observed for all evaluated traits. Most of the phenotypic variation among different traits related to 1000-grain weight and spike length traits in the amount of 29.34% and 20.05%, respectively. We can thus say that there are genetic plant resources for use in breeding programmes to improve these traits. The lowest observed variations among the traits were for days to maturity (5.31%) and spike weight (5.41%).
The phenotypic variation coefficient ranged from 5.31% to 29.34% for different traits.
In this study, 12 ISSR primers were used. ISSR markers produced a total of 129 bands, of which 91 bands were polymorphic and the average polymorphic loci per primer were evaluated 7.58 (Table 3) . Twelve ISSR primers created 91 polymorphic bands, among them UBC813 with 11 bands, UBC811 with 10 bands. UBC814 and UBC817 primers with nine bands had the highest number of polymorphic bands 2010) used AFLP markers for the investigation of the genetic variation among Glycyrrhiza uralensis ecotypes in northern China. In this study, 50 individuals from five ecotypes were used. In total, eight primer combinations produced 1025 bands, 57% of which were polymorphic.
Polymorphic information content (PIC) is the equivalent of genetic diversity and shows the resolution of a marker by the number of polymorphic alleles and the frequency of these alleles in the studied population. Table 3 shows polymorphic information content calculated separately for each primer and the results. Polymorphic information content ranged from 0.27 to 0.44 and the calculated average of polymorphic information content was 0.36 for ISSR markers. The highest PIC for ISSR markers was for UBC813 (0.44) and UBC876 (0.41) indicating a high efficiency of these markers in differentiating the ecotypes used in this research. In order to determine the efficiency of markers in showing the polymorphism, MI and EMR were calculated. Effective multiplex ratio (EMR) is calculated as a total number of polymorphic loci per primer multiplied by the rate of polymorphic loci from their total number. Among ISSR markers, the highest amount EMR was for UBC813 (9.31) and the lowest was observed in UBC824 (2.29). The marker index (MI) is a statistical parameter used to estimate total utility of the marker system; the higher the MI, the better method is used. The marker index ranged from 0.91 to 4.10. The average number of effective alleles was 1.58 in the population and ranged from 1.37 to 1.79. UBC813 and UBC876 primers had the highest number of effective alleles among the all primers. Since the number of effective alleles is one of the important criteria in the selection of appropriate and useful primers, these primers could be used to investigate the genetic diversity of lemon balm ecotypes for future studies. Pirkhezri et al. (2010) evaluated 25 German chamomile ecotypes using 18 primers, RAPD evaluated number of effective alleles, Nei's gene diversity, and the Shannon index for different provinces. The maximum and minimum amount for the number of effective alleles was observed in the Khuzestan province (1.657) and the Fars province (1.142), respectively. Nei's gene diversity and the Shannon index were higher in the ecotypes of the Khuzestan province (Nei = 0.528; Shannon = 0.364), and were lower than elsewhere in the ecotypes of the Fars province (Nei = 0.23; Shannon = 0.16).
The results of stepwise regression analysis revealed a significant association between the traits and some of the studied loci (Table 4) . In stepwise regression, traits and markers were considered as a dependent variable and independent variables, respectively. A total of 70 markers (alleles) were significantly correlated and associated with the studied traits; finally, 50 markers were effective in the phenotypic variation of traits because some markers were associated with more than one trait. Other markers had no significant effect on the model and therefore we can say that these correlated markers can be used to identify superior ecotypes in terms of studied traits. The markers identified varied from three markers for days to 50% flowering to 16 markers for the grain yield. These markers were negatively or positively correlated to traits. Other researchers used regression analysis to identify the relationship between markers and studied traits and used them in breeding programmes (Basaki et al. Markers UBC814-3, UBC812-8, and UBC826-5 were associated with days to 50% flowering and could justify 80.6% of the phenotypic variation. Also, markers UBC812-8, UBC825-4, UBC813-10, UBC826-2, UBC812-7, UBC811-7, UBC813-8, UBC823-8, UBC811-6, UBC813-5, UBC823-1, UBC817-2, UBC813-1, UBC816-4, UBC876-4, and UBC814-7 showed a significant correlation with the grain yield and controlled 99.9% of the phenotypic variation (Table 4) .
In a multivariable regression model, each independent variable with a higher standard β (in terms of value) is more important to the dependent variable. In this study, each marker (independent variable) that has a higher standard β is more important for that trait (dependent variable). Marker UBC814-3 was the most important marker for days to 50% flowering and revealed a depressing effect. Also, UBC824-2 and UBC823-5 were important for the spike length and the number of grains per spike, respectively, and had an increasing effect (Table 4 ). According to the standard β coefficients, some alleles lowered the effect and some alleles enhanced the effect of the studied traits (Table 4) . Therefore, with regard to the breeding purpose of each trait (increasing some traits and reducing some traits is considered at breeding programmes), the standard β coefficient of each marker can be used to improve that trait based on the breeding goal.
Identification of markers in the coding area of the traits can be important to those markers that are not located in this area. These markers can be identified using the regression method. Some of these markers were associated with more than one trait. According to a significant correlation between morphological traits, it can be seen that some of these traits had a very close linkage together or possibly were controlled by pleiotropic effects. The important advantages of association analysis are that in this method there is no need to prepare segregating population which requires more time, although it is better to use a multi-year phenotypic data. The efficiency of these methods has been shown for the identification and mapping of the controlling gene of Mendelian traits (Breseghello, Sorrells, 2006) . It also uses informative markers associated with traits; in particular, markers of known chromosomal location can be an effective step taken in the initial selection of genotypes with high yield. Therefore, by separating and cloning the informative marker region, we could identify the sequence of that region for each trait. Then the identified sequences was aligned in databases with existing sequences and, finally, candidate genes were possibly identified for each trait. Also, a specific marker (SCAR primer based on identified sequences) can be designed for each trait and it can be used in marker-assisted selection breeding programme.
CONCLUSIONS
Informative fragments could be successfully cloned and sequenced and used to design a specific marker (a SCAR primer based on identified sequences). It is to be hoped that some of these markers will be used for MAS in future lemon balm breeding programmes. In a breeding programme, crossing between more genetically distant individuals will increase the chance of transgressive segregation in their progeny. Therefore these markers could be used to choose parents for development of the mapping populations. The ISSR primer UBC813-10 had the highest associated fragments with the traits. These primers have been found useful for the study of genetic diversity and association analyses in sand plantain.
